Results are reported of a prospective study, carried out by the Mass Radiography Service of the North-West Metropolitan Region for the purpose of evaluating early lung cancer detection by six-monthly chest radiographs. The lung cancer experience of a test group of 29,723 men aged 40 and over who were offered six-monthly chest radiographs over a period of three years is compared with a similarly constituted control group of 25,311 men who were radiographed only at the beginning and the end of the study. In the test group 29,416 men (98-9%) and in the control group 25,044 men (99%) were followed up. The methods employed to achieve this result are analysed. The six-monthly surveys of the test group yielded 65 cases of lung cancer, giving an annual incidence and detection rate of 0-9 per thousand examined. Of these cases 65% were resected. Of all cases of lung cancer in the test group, irrespective of their source of detection, 43-6% were operable, compared with 29% in the control group. The difference (P=0-03) is statistically significant. The annual mortality rate from lung cancer based on 62 deaths in the test group and 59 deaths in the control was 0 7 and 0-8 per thousand respectively. The conelusions are reached that since early detection by six-monthly chest radiographs has not significantly reduced the mortality from lung cancer in a population at risk, 'a policy of such large-scale surveys of men in the cancer age would not seem justified, but that the increased discovery of resectable lung cancer by this method forms a reasonable basis for encouraging individuals in high-risk groups to make regular use of existing mass radiography facilities.
There is an understandable appeal in the hypothesis that early detection of lung cancer by frequent routine chest radiographs of a population at risk might improve the prognosis of the disease. The need to put this hypothesis to a valid test has therefore been felt by many, and in this investigation, conducted by the Mass Radiography Service of the North-West Metropolitan Region, such an attempt has been made. It took the form of a controlled study in which a comparison was made between the lung cancer experience of two random population samples of which one was offered more frequent radiographic examinations than the other. As an investigation on these lines had not been carried out before, its planning and detailed execution contained a large element of improvisation, and in the light of that experience some organizational improvements could be made in a future project of this kind.
Some results based on a 90% follow-up of those taking part in the study were published in an earlier communication (Brett, 1966) . Since then, due to further efforts, a final follow-up of 99% has been achieved which has now made it possible to conclude the analysis of the project.
PLANNING AND METHOD OF INVESTIGATION
It was arbitrarily decided to confine the study to men aged 40 and over and to limit its duration to three years. The population under observation would be divided at random into two groups each comprising at least 25,000 persons. The test group would be offered six-monthly chest radiographs during the stipulated period, a total of six in addition to the initial one, whereas the control group would be radiographed only at the beginning and the end of the three-year period. The lung cancer experience to be compared in the two groups would involve detection, resectability, and mortality.
The basic requirement was to secure an adequate number of volunteers for the scheme. Since the Regional Mass Radiography Service has considerable experience in organizing routine surveys of industrial groups, an approach to industry rather than to individuals was thought to have the better prospect of success. For this reason preliminary soundings of 414 industrial establishments in the region as to the feasibility of regular six-monthly visits of mobile x-ray units were taken during 1956 and 1957. The results were encouraging. It was also realized that to follow up 25,000 persons or more in each group over several years would be a formidable task. In order to minimize these difficulties only firms employing more than 300 men of all ages were approached, since it could reasonably be assumed that the personnel and in many cases medical departments of larger establishments would be better equipped to facilitate the follow-up of their employees. During 1958 the number of men aged 40 and over employed by the firms, whose size made them suitable for the project, was ascertained. The number of potential volunteers was approximately 75,000 men. These industrial establishments, mainly factories, were classified into groups according to the type of work and locality, and the firms within each group were allotted to test and control series by the use of random sampling numbers. LThe difference in the number of firms arose because the random allocation was restricted to ensure that no one series contained substantially more than half the total number of eligble employees.
Before each intermediate survey in the test group leaflets were distributed encouraging those who had started in the scheme to continue with their attendance. Separate leaflets were distributed at the end of the scheme to those in the control group.
The initial surveys of each individual firm in the test or control groups were carried out during 1960. The subsequent six-monthly surveys in the test group and the final in the control group were completed in 1963/64, when the search for untracedsubjectsstarted. These chest radiographs were taken by the three mobile units of the Regional Mass Radiography Service in addition to their normal programme.
MATERIAL AND METHOD OF FOLLOW-UP
A total of 55,034 men, 29,723 in the test group and 25,311 in the control group, volunteered for the initial survey. During the three years of the scheme 161,225 chest films were taken in the test group and 41,169 in the control group. All examinees in the test group irrespective of whether they had attended the intermediate six-monthly surveys and all examinees in the control group were followed up until the date of their last chest film. Table I shows that the percentage of the population followed up by each of the methods employed was similar in the two groups: about 63% attended the final survey and a further 36% were traced by a search of factory records, general practitioners' lists, and by letters to the examinees them- the overall age structure and smoking habits as well as the smoking habits within each age group were almost identical for those followed up in the two series. Since this similarity was also apparent in those who were not followed up, the figures in Table II Table IV the six cases in the test group and the 17 in the control group discovered at the final surveys (Table III) were omitted as no case was followed up beyond the three-year period. Of the 59 cases detected in the test group by six-monthly surveys, 33 were alive and 26 were dead at the completion of the scheme.
It was also found that 36 cases in the test group and 59 in the control group, discovered elsewhere, had died from lung cancer during the intervening period between the first and last radiographs. Of the 36 cases in the test group, 7 had died within six months of their initial chest film, the remainder had missed some or all of the six-monthly surveys. Of the 59 deaths in the control group, 3 had occurred within six months of the initial examination.
In all cases discovered by six-monthly surveys the radiographs preceding the one which led to The figures in Table VII are comparable to those of an earlier study when it was found that 55 % of cases of lung cancer detected by routine radiography were suitable for resection as against 32% of cases referred for chest radiography by general practitioners (Brett, 1959) .
It is of interest that almost 50% of the cases found by six-monthly surveys in the test group h.ad resection by lobectomy, compared with 30% in the final three-yearly survey in the control. HISTOLOGY Table VIII shows that there were no significant differences in the histological type of lung cancer between the test and control groups or between cases discovered at different intervals of radiographic examinations. The relatively high incidence of adenocarcinoma in this series is in line with the experience of mass radiography in general.
MORTALITY
In the calculation of the mortality rates from lung cancer only deaths that had occurred during the three-year period between the first and the last surveys of the two population samples were taken into account. It was thought that the evaluation of the effect of sixmonthly surveys on lung cancer mortality in the test group and the comparison with the control group could be obscured by the inclusion of deaths from the initial surveys, which were conducted on different lines. The annual mortality rates were, therefore, estimated on the basis of 62 deaths from lung cancer in the test group and 59 in the control group. As has been shown in Table IV , the 62 deaths were made up of 26 that resulted from the cases discovered by six-monthly examinations and 36 deaths which occurred in persons in whom the diagnosis was made elsewhere. Table IX shows that the age-specific annual death rates were similar in the two population samples. The overall annual mortality rate was 0 7 per thousand examined in the test group and 0 8 in the controls. A calculation of the rates standardized for age gives the same result. These death rates are somewhat lower than the corresponding national figures but not markedly so. The difference in annual lung cancer mortality between the test group and the control group is not statistically significant but is, nevertheless, consistent with the belief that early (Brett, 1959 (Boucot, Cooper, and Weiss, 1961) . It has been shown in the earlier part of this report that the organizational difficulties in mounting regular six-monthly surveys for large population groups can be overcome. Whether industry, which co-operated well in a three-year scheme, would be willing to accept long-term six-monthly radiographic examinations of their employees, even if limited to the higher risk age groups of 50 and over, is an open question. It is, however, possible that, given the opportunity, many people in these age groups would take advantage of frequent radiographic facilities on an individual basis and in their own time.
For the assessment of the size of the problem of lung cancer in a working population it was 21* important to establish that the potential annual detection rate of the disease in men over the age of 40 was in the region of one per thousand. This is comparable to the interim results of the Philadelphia Project (Boucot et al., 1961) .
The study has shown that due to more frequent examination of the same population sample, 59 cases of lung cancer were discovered which would not have been found at that particular time had only three-yearly surveys been employed. It In the design and for the purpose of this investigation the comparison of death rates from lung cancer between the test group and the control group was of crucial importance. The lower lung cancer mortality observed in the test group could perhaps be interpreted as an indication that early diagnosis by six-monthly radiographic examinations may have had some effect on the future course of the disease, were it not for the fact that the difference in mortality between the test and control groups was so small. It can be argued that as some cancer deaths must have been missed in the 1 % who remained untraced, -perhaps a higher proportion was missed in the control group than in the test group. However, even if this were the case it is inconceivable that the number of deaths from lung cancer in this fraction of the population would be large enough to affect the overall and differential mortality rates. The view has also been expressed that the very nature of the study has a built-in bias against the test group since, by intensive radiology, cases of lung cancer may have been discovered that would otherwise have been missed, so that some deaths which would erroneously have been attributed to some other cause have in the test group, but not in the controls, been correctly attributed to lung cancer (Doll, 1966) . If such bias exists it is difficult to see how it could be eliminated. To what extent the mortality figures in the two groups would have been affected had the study been extended beyond three years is a matter for speculation.
The conclusions to be drawn from this study must be based on both its positive and equivocal results, and are therefore subject to qualification. Thus, if the value of six-monthly radiographic examinations is to be measured only by a significant reduction of mortality from lung cancer in a population at risk, then no definite evidence has emerged which would justify a policy of frequent large-scale surveys of this kind. If, on the other hand, the merit of early diagnosis and a better chance of resection for a larger number of cancer patients is linked with even a small reduction in mortality, then there is, without detracting from the importance of prevention by a change of smoking habits, good reason why men in the cancer age should make regular use of the available facilities for routine radiographic examinations.
